


Effect of Integrated Nutrient Management on Growth, Yield, Nutrient Uptake, and Economic Viability of Indian Mustard (Brassica juncea L.)



Abstract
A field experiment was conducted during the Rabi season of 2024–25 at the Experimental Farm, Mewar University, Chittorgarh (Rajasthan), to evaluate the effect of Integrated Nutrient Management (INM) on the growth, yield, and economics of Indian mustard (Brassica juncea L.). The study involved nine treatments combining different levels of recommended dose of fertilizers (RDF) with organic sources like vermicompost and poultry manure, as well as biofertilizers (Azotobacter and PSB). Results revealed that treatment T9 (75% RDF + S @ at 40 kg ha⁻¹ + Vermicompost @ at 5 t ha⁻¹ + Azotobacter + PSB) recorded the highest seed yield (1795.74 kg ha⁻¹), stover yield (6155.69 kg ha⁻¹), and leaf area index (2.44). Growth attributes such as plant height and yield components like number of siliquae per plant and seeds per siliqua were significantly improved with integrated nutrient application. The treatment also accounted for significant economic returns compared to control. The findings underscore that a combination of organic, inorganic, and biological sources enhances mustard productivity and soil health, though economic returns vary depending on input costs.	Comment by Basudeb: We should avoid ‘@’ symbol in formal writing.
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Introduction 
Indian mustard (Brassica juncea L.), a key species in the Brassicaceae family, is an important oilseed crop cultivated globally for its oil content, nutritional value, and use as a condiment (Li et al., 2021). Worldwide, mustard and related rapeseed crops constitute the third-largest group of oilseeds in terms of both cultivated area and total production (USDA, 2024). In the 2023–24 agricultural year, rapeseed-mustard was grown on approximately 42.53 million hectares globally, producing 88.07 million metric tonnes, with an average productivity of 2.07 metric tonnes per hectare (USDA, 2024).
India holds a prominent position in global mustard cultivation, accounting for around 19.8% of the total area under cultivation and 9.8% of global production (USDA, 2024). Despite this, the national average yield remains low at 1.3 t/ha, significantly below the global average—highlighting a clear productivity gap. This disparity points to the urgent need for improved agronomic practices and sustainable cultivation techniques. Within India, mustard ranks as the second-most important annual oilseed crop after soybean, with a production of 12.64 million tonnes grown over 6.26 million hectares (des.delhi.gov.in, 2023). Rajasthan is the leading state in mustard production, contributing 5.83 million tonnes from 3.97 million hectares, with a productivity of 1.5 t/ha—well above the national average (des.delhi.gov.in, 2023). This demonstrates the potential impact of region-specific management strategies that could be replicated in other mustard-growing regions.
Beyond its economic value, mustard is a rich source of vegetable oil, protein, vitamins, and minerals, making it a vital component of both human nutrition and livestock feed (Li et al., 2021). However, mustard productivity in India is often limited by factors such as nutrient depletion, pest and disease incidence, and climate variability (Khaliq et al., 2009). Addressing these challenges requires sustainable and efficient nutrient management practices.
Integrated Nutrient Management (INM) is a holistic strategy designed to enhance crop yields while maintaining long-term soil fertility. It combines chemical fertilizers with organic manures and biofertilizers to ensure balanced nutrient supply and sustainable soil health. Overdependence on chemical fertilizers has led to nutrient imbalances, declining soil fertility, rising input costs, and environmental degradation (Gomasta et al., 2024). Though judicious increase in fertilizer use can improve yield and soil health (Sultana et al., 2022; Rahman et al., 2023), the excessive use of inorganic fertilizers contributes to the emission of greenhouse gases, water pollution through runoff, and long-term soil fertility decline due to nutrient leaching and altered microbial communities (Kayesh et al., 2023; Hassan et al., 2024). In addition, continuous and steady application of inorganic fertilizers leads plant tissues to frequently absorb and accumulate heavy metals, which consequently decreases the nutritional and grain quality of crops (Apu et al., 2022). INM mitigates these problems by improving nutrient efficiency, enhancing microbial activity, and promoting ecosystem resilience. (Nagar and Suman, 2025)	Comment by Basudeb: Gomasta, J., Hassan, J., Sultana, H., & Kayesh, E. (2024). Interactive plant growth regulator and fertilizer application dataset on growth and yield attributes of tomato (Solanum lycopersicum L.). Data in Brief, 57, 111136. 
Incorporating organic inputs such as vermicompost improves soil structure, enhances water retention, and supports nutrient cycling, ultimately boosting crop productivity (Jat et al., 2021). Excessive application of single nutrients like nitrogen (N), phosphorus (P), or potassium (K) can lead to nutrient imbalances, lower yields, and increased susceptibility to diseases (Kumar et al., 2017; Kumar & Kumar, 2021). INM addresses these risks by fostering synergistic interactions among nutrients, thereby enhancing both crop performance and environmental sustainability.
Nevertheless, Nnitrogen is an integral part of plant cellular composition and essential for vegetative growth and yield, but its application must be carefully managed to avoid negative impacts (Jat et al., 2021). Phosphorus supports root development and flowering, while potassium contributes to overall plant health and stress tolerance (Yadav et al., 2020). Vermicompost, a nutrient-rich organic amendment, improves soil fertility, microbial diversity, and overall crop quality (Singh et al., 2019). When combined with gypsum, vermicompost further enhances soil structure and nutrient availability (Kumar et al., 2018). Previous reports revealed that integration of organic and inorganic soil amendments posed significant impact on sustainable productivity of many agronomic and horticultural crops including strawberries (Apu et al., 2022), tomato (Howlader et al., 2019), chilli (Howlader & Gomasta, 2019) and so on.
Therefore, Aadopting an INM approach that integrates chemical and organic nutrient sources in appropriate proportions is critical for sustainable mustard production. It enables higher yields, improved soil health, and long-term agricultural resilience.
2. MATERIALS AND METHODS
2.1 Experimental Site
The present study was conducted during the 2024–25 rabi season at the Experimental Farm of the Department of Agronomy, Faculty of Agriculture and Veterinary Sciences, Mewar University, Gangrar, Chittorgarh, Rajasthan.	Comment by Basudeb: Please mention the duration i.e., from November 2024 to February 2025. Use your own research duration.
2.2 Climate and Weather Conditions
Chittorgarh lies within the subtropical zone of the Vindhyan Plateau and receives an average annual rainfall ranging from 750 to 1005 mm. The region experiences mean annual maximum and minimum temperatures of 40.2°C and 18.5°C, respectively. During the rabi season of 2024–25, the mean weekly maximum temperatures ranged between 19.6°C and 35.2°C, while the minimum temperatures varied from 5.6°C to 18.9°C. A total of 17.9 mm of rainfall was recorded over 2 rainy days throughout the crop period, indicating that the experiment was conducted under irrigated conditions.
Treatment Evaluation
2.3 Observations Recorded and Data Analysis
Growth attributes such as plant population, plant height, dry matter accumulation, and the number of branches per plant were recorded at various Days After Sowing (DAS). Yield attributes, including the number of siliquae per plant, number of seeds per siliqua, and 1,000-seed weight (test weight), were recorded at harvest, along with yield data for seed and stover. (Singh and Stoskopf, 1971; Nagar and Jhakhar, 2025). Economic parameters—including cost of cultivation, gross returns, net returns, and the benefit-cost (B:C) ratio—were computed on a per hectare basis. All recorded data were subjected to statistical analysis using Fisher’s Analysis of Variance (ANOVA) as described by Panse and Sukhatme (1985), with significance tested at the 5% probability level (P = 0.05).
3.1 Results
The data presented in Table 1 illustrate the influence of various integrated nutrient management (INM) treatments on plant height of Indian mustard recorded at 30, 60, and 90 days after sowing (DAS).
At 30 DAS, the highest plant height (13.16 cm) was recorded under treatment T9 (75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB ), which was followed by T3 (12.16 cm) and T2 (11.89 cm). The lowest plant height (9.04 cm) was observed in the control treatment (T1).
At 60 DAS, again, the tallest plants (106.32 cm) were observed under treatment T9, followed by T3 (103.49 cm) and T2 (102.15 cm), indicating the positive effect of vermicompost and RDF combination. The minimum plant height (71.98 cm) was recorded in T1 (Absolute Control). At 90 DAS, the maximum plant height (129.49 cm) was recorded in T9 (75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB), showing a synergistic effect of biofertilizers along with organic and inorganic nutrient sources. This was closely followed by T2 (123.49 cm) and T8 (121.33 cm). The shortest plants (90.49 cm) were noted in the control treatment (T1). Overall, the results reveal that the integration of organic manures (vermicompost or poultry manure), along with RDF and biofertilizers, significantly enhanced plant height at all growth stages compared to the control. Treatment T8 was most effective during early and mid-growth stages, while T9 showed superior performance at maturity.
Table 1: Influence of Integrated Nutrient Management on Plant Height of Indian Mustard at 30, 60, and 90 Days After Sowing (DAS)

	Treatments
	30 DAS
	60 DAS
	90 DAS

	T1 = Absolute Control
	9.04
	71.98
	90.49

	T2 = 100% RDF (N,P,K) @ 80:40:40 + S @ 40 kg ha⁻¹
	11.89
	102.15
	123.49

	T3 = 100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹
	12.16
	103.49
	111.99

	T4 = 100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB
	11.63
	86.15
	113.00

	T5 = 100% RDF + S @ 40 kg ha⁻¹ + Poultry manure @ 2 t ha⁻¹
	10.23
	99.82
	118.99

	T6 = 100% RDF + S @ 40 kg ha⁻¹ + Poultry manure @ 2 t ha⁻¹ + Azotobacter + PSB
	10.12
	100.32
	115.66

	T7 = 75% RDF + S @ 40 kg ha⁻¹
	11.71
	95.15
	119.16

	T8 = 75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹
	12.86
	88.55
	121.33

	T9 = 75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB
	13.16
	106.32
	129.49

	SEm ±
	1.02
	1.96
	2.18

	C.D. (P=0.05)
	3.05
	5.87
	6.51




4.2 Effect of Integrated Nutrient Management on Yield-Attributing Characters of Indian Mustard
The data presented in Table 2 reveal the influence of various integrated nutrient management (INM) treatments on key yield-attributing traits of Indian mustard, namely siliqua length, number of siliquae per plant, number of seeds per siliqua, and 1000-seed weight. The length of siliqua was significantly influenced by nutrient treatments. The maximum siliqua length (5.43 cm) was observed in treatment T4 (100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB), followed closely by T5 (5.37 cm) and T3 (5.29 cm). The minimum siliqua length (4.65 cm) was recorded under T1 (Absolute Control), highlighting the importance of nutrient supplementation.
The number of siliquae per plant was found to be highest (277.00) in treatment T9 (75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB), followed by T4 (272.41) and T8 (270.75). The lowest number of siliquae (171.75) was again recorded in the control treatment (T1), reflecting the poor reproductive potential of plants under nutrient-deficient conditions.
Regarding the number of seeds per siliqua, the highest value (12.78) was recorded in T9, followed by T6 (12.35) and T7 (12.11). This indicates that the combined application of organic manure, biofertilizers, and reduced chemical fertilizer (75% RDF) can significantly improve seed set per pod.
The 1000-seed weight was also positively influenced by nutrient management. The heaviest seeds (5.77 g) were recorded under T6 (100% RDF + S @ 40 kg ha⁻¹ + Poultry manure @ 2 t ha⁻¹ + Azotobacter + PSB), followed by T5 (5.64 g) and T4 (5.42 g). The lightest seeds (4.69 g) were observed in the control (T1), indicating a strong correlation between balanced nutrition and seed development.
Table 2: Effect of Integrated Nutrient Management on Yield-Attributing Characters of Indian Mustard
	Treatments
	Length of Siliqua (cm)
	No. of Siliqua per Plant
	No. of Seeds per Siliqua
	1000-Seed Weight (g)

	T1 = Absolute Control
	4.65
	171.75
	8.25
	4.69

	T2 = 100% RDF (N,P,K) @ 80:40:40 + S @ 40 kg ha⁻¹
	5.23
	221.41
	11.11
	5.18

	T3 = 100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹
	5.29
	266.41
	11.28
	5.37

	T4 = 100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB
	5.43
	272.41
	11.83
	5.42

	T5 = 100% RDF + S @ 40 kg ha⁻¹ + Poultry manure @ 2 t ha⁻¹
	5.37
	266.08
	11.67
	5.64

	T6 = 100% RDF + S @ 40 kg ha⁻¹ + Poultry manure @ 2 t ha⁻¹ + Azotobacter + PSB
	5.32
	268.48
	12.35
	5.77

	T7 = 75% RDF + S @ 40 kg ha⁻¹
	5.17
	238.41
	12.11
	5.20

	T8 = 75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹
	5.30
	270.75
	11.58
	5.21

	T9 = 75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB
	5.40
	277.00
	12.78
	5.17

	SEm ±
	0.08
	5.16
	0.40
	0.17

	C.D. (P=0.05)
	0.21
	15.38
	1.17
	0.52


4.3 Impact of Integrated Nutrient Management on Seed Yield, Stover Yield, Harvest Index, and Leaf Area Index of Indian Mustard
The influence of integrated nutrient management (INM) treatments on the seed yield, stover yield, harvest index (HI), and leaf area index (LAI) of Indian mustard is presented in Table 3.
The data revealed a significant enhancement in seed yield with the application of integrated nutrient sources. The highest seed yield (1795.74 kg ha⁻¹) was recorded under T9 (75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB), followed by T4 (1729.95 kg ha⁻¹) and T8 (1718.06 kg ha⁻¹). In contrast, the lowest seed yield (880.30 kg ha⁻¹) was observed in the absolute control (T1), reflecting the adverse impact of nutrient deficiency on productivity.
In terms of stover yield, treatment T9 again recorded the maximum value (6155.69 kg ha⁻¹), followed by T8 (5928.69 kg ha⁻¹) and T6 (5837.69 kg ha⁻¹). The minimum stover yield was found in T1 (3273.69 kg ha⁻¹), indicating limited biomass accumulation under untreated conditions.
The harvest index, which represents the efficiency of the plant in partitioning assimilates to the economic yield, varied among treatments. The highest HI (23.32%) was observed under T3 (100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹), followed by T2 (23.05%) and T4 (23.10%). The control treatment (T1) recorded the lowest HI (21.17%), demonstrating the unfavorable source–sink balance under nutrient-poor conditions.
Regarding leaf area index (LAI), a key indicator of canopy development and photosynthetic potential, the maximum LAI (2.44) was observed under T9, followed by T5 (2.42) and T6 (2.33). The lowest LAI (1.86) was again noted in T1, suggesting inadequate vegetative growth due to lack of nutrients. Overall, treatments integrating 75% RDF with organic manure and biofertilizers (T9 and T8) or 100% RDF combined with organic sources (T4, T3) proved superior in enhancing both yield and physiological efficiency. The results underscore the benefit of combining chemical fertilizers with organic and microbial inputs for sustainable mustard product
Table 3: Impact of Integrated Nutrient Management on Seed Yield, Stover Yield, Harvest Index, and Leaf Area Index of Indian Mustard
	Treatments
	Seed Yield (kg ha⁻¹)
	Stover Yield (kg ha⁻¹)
	Harvest Index (%)
	Leaf Area Index (LAI)

	T1 = Absolute Control
	880.30
	3273.69
	21.17
	1.86

	T2 = 100% RDF (N,P,K) @ 80:40:40 + S @ 40 kg ha⁻¹
	1591.85
	5307.69
	23.05
	2.22

	T3 = 100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹
	1688.84
	5540.69
	23.32
	2.25

	T4 = 100% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB
	1729.95
	5771.69
	23.10
	2.32

	T5 = 100% RDF + S @ 40 kg ha⁻¹ + Poultry manure @ 2 t ha⁻¹
	1657.18
	5544.69
	22.96
	2.42

	T6 = 100% RDF + S @ 40 kg ha⁻¹ + Poultry manure @ 2 t ha⁻¹ + Azotobacter + PSB
	1686.95
	5837.69
	22.43
	2.33

	T7 = 75% RDF + S @ 40 kg ha⁻¹
	1570.10
	5349.69
	22.69
	2.25

	T8 = 75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹
	1718.06
	5928.69
	22.48
	2.30

	T9 = 75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹ + Azotobacter + PSB
	1795.74
	6155.69
	22.60
	2.44

	SEm ±
	22.65
	92.51
	0.07
	0.06

	C.D. (P=0.05)
	65.89
	273.14
	0.22
	0.19



4. DISCUSSION
4.1 Growth Attributes
The experimental findings indicate significant differences in growth attributes such as plant height across all growth stages due to integrated nutrient management (INM) practices. At 30 DAS, T8 (75% RDF + S @ 40 kg ha⁻¹ + Vermicompost @ 5 t ha⁻¹) recorded the highest plant height (13.16 cm), while T9 (which included Azotobacter and PSB) surpassed all treatments by 90 DAS with 129.49 cm plant height. These improvements underscore the role of combining organic manures and biofertilizers with inorganic nutrients in enhancing plant vigor. Vermicompost improves soil texture, water retention, and microbial activity, which enhances root development and nutrient uptake, as reported by Nagar and Jhakhar (2025). The enhanced plant height and growth can be attributed to improved photosynthetic efficiency and better nutrient supply through synergistic interactions. Similar results were observed by Ramesh et al. (2009) and Yadav et al. (2018), affirming that INM practices boost early-stage growth and support robust vegetative development throughout the mustard life cycle.
4.2 Yield Attributes and Yield
Yield-contributing parameters, including the number of siliquae per plant, seeds per siliqua, and 1000-seed weight, were significantly influenced by the INM treatments. The highest siliquae per plant (277.00) and seeds per siliqua (12.78) were recorded in T9, which combined 75% RDF with vermicompost and biofertilizers, while the heaviest seeds (5.77 g) were obtained in T6 (100% RDF + poultry manure + biofertilizers). These results illustrate the synergistic effect of organic and inorganic nutrient sources, which not only support reproductive growth but also improve seed filling and grain quality (Nagar and Jhakhar, 2025). Seed and stover yields were also highest in T9 (1795.74 and 6155.69 kg ha⁻¹ respectively), highlighting that the inclusion of Azotobacter and PSB further enhances nutrient assimilation and biomass accumulation. These outcomes support earlier findings by Chand and Ram (2007) and Parihar et al. (2014), emphasizing that balanced nutrient strategies improve both source (photosynthates) and sink (grain filling) efficiency, ultimately maximizing yield potential. (Nagar and Suman, 2025).
5.1 Conclusion
The present investigation confirms that Integrated Nutrient Management (INM) significantly improves the growth, yield attributes, and productivity of Indian mustard under irrigated conditions in Rajasthan. Among all treatments, T9 (75% RDF + S + Vermicompost + Azotobacter + PSB) was the most effective in maximizing seed yield (1795.74 kg ha⁻¹), stover yield (6155.69 kg ha⁻¹), and leaf area index (2.44), owing to the synergistic effect of balanced nutrient supply and enhanced soil microbial activity. These results suggest that the integration of organic and biological inputs with chemical fertilizers not only enhances productivity but also contributes to sustainable soil health. Therefore, INM practices should be encouraged for long-term profitability and ecological resilience in mustard-based cropping systems. Further multi-seasonal and location-specific trials are recommended to validate the long-term benefits of such nutrient strategies.
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